We report a brain imaging study with fMRI in which participants were scanned while watching Noh masks with face expressions rated as happy. Among seventy standard masks previously rated by the participants, we selected the six happiest masks and six neutral masks to explore the neural correlates of happiness associated with Noh masks. Results based on region of interest (ROI) analysis indicated activations of nucleus accumbens (Nacc) while viewing happy masks. We suggest that as the Nacc activation increased, happiness tended to increase possibly due to enhanced dopaminergic activity in the Nacc associated with the reward by observing smiling masks.
hypothesized that the universals of facial expression are to be found in the relationship between distinctive patterns of the facial muscles and six basic emotions, i.e., happy, sad, anger, disgust, fear and surprise. Thus, happiness in a broader sense, is a primary positive emotion representing a human mental state of feeling (Frijda, 1986; Plutchik, 1980; Oatley & Johnson-Laired, 1987; Weiner & Graham, 1984) .
However, few studies have reported on the neural correlates of happiness, focusing on the midbrain structures. Moreover, it is largely unknown what kind of stimulus could effectively be attributed to happiness. One current biological hypothesis about what makes our mind happy is that the activity of a group of midbrain neurons associated with the dopaminergic system may cause a feeling of happiness. Dopamine is believed to be closely associated with reward-expecting behaviors, such as seeking food and even seeking some type of social reward. A recent investigation suggested the nucleus accumbens (Nacc) is a key component of the mesolimbic dopaminergic reward system (Mobbs, Greicius, Abdel-Azim, Menon, & Reiss, 2003) . Mobbs et al. (2003) showed a prominent increase in the BOLD (blood oxygen level dependent) signal in the Nacc while enjoying funny cartoons, compared to a negligible BOLD signal decrease in response to those that were not funny in their time-series analysis of Nacc using fMRI. This is presumably the first evidence reporting that a funny cartoon could serve as a social reward connected to the dopaminergic brain structure. Subsequently, what happens if a funny cartoon is replaced by a funny face or a happy/smiling face? Is the same Nacc being activated? In several previous studies, happy facial expressions increased activation of the Correspondence concerning this article should be addressed to Naoyuki Osaka, Graduate School of Letters, Kyoto University, Yoshida-Honmachi, Kyoto 606-8501, Japan (e-mail: nosaka@bun.kyoto-u.ac.jp). This study was supported by JSPS grant#22220003 to NO. orbitofrontal cortex, raising the possibility that a smiley/laughing face serves as social reward (Gorno-Tempini et al., 2001; Tsukiura & Cabeza, 2008) . Considering those studies, it is plausible to hypothesize that activation of the Nacc elevates in response to the happy facial expression as a social reward.
Therefore, in the present study, we hypothesized that a laughing/smiling face serves as a social reward and so could be used as an effective stimulus to cause happiness. As a consequence of reward, we assumed the Nacc could be activated due to enhancement of dopaminergic neuron activity. We here report how happiness can be induced by a happy Noh mask within the emotional brain. We have two major reasons for using Noh masks instead of face cartoons or pictures: One is that Noh masks cover a wide range of complex emotions (including the major six emotions) in a symbolic manner. For example, several types of masks, in particular those for females, are designed so that slight adjustments in the position of the head can express a number of emotions such as happiness, fear or sadness due to the variance in lighting and the angle shown towards the audience. This suggests some Noh masks could be used as ambiguous faces (Osaka, 1986) suitable for use in the neutral (control) condition in an fMRI experiment. The other is that some of the more extravagant masks for deities and monsters could convey extreme emotions via their symbolic expressions.
METHODS

Participants
Fourteen healthy, right-handed participants (7 males and 7 females; mean age = 25.2) were recruited for the fMRI experiment. All had normal or corrected-to-normal vision, and none had a history of neurological or psychiatric disorders. In accordance with the protocol approved by the ATR Institute Review Board, informed consent was obtained from each subject before participation.
Procedure
We prepared 70 standard Noh masks with various facial expressions. Each mask was given a happy score on a scale from 1 to 7 (1: not at all happy; 7: extremely happy) by 14 participants (undergraduate students; mean age = 25.8). Then, we selected 6 "extremely happy" and 6 "neutral" masks according to the obtained scores. Noh masks are used in traditional Japanese Noh plays by major players called "shite" and all have names. They are carved from blocks of hinoki (Japanese cypress), painted with natural pigments on a neutral base of glue and crunched seashell (see Fig. 1 ).
"Extremely happy" masks typically chosen were, for example, Hime (shown in the first presentation of Fig. 1 ), Enmei-kaja (shown in the second presentation of Fig. 1) , Okina, Otobide, Hanahiki and Usobuki. Furthermore, we selected "neutral" masks to contrast with the happy masks in the fMRI study. A "Neutral" mask means a face not (or less) involving the six basic emotional expressions as previously mentioned (Ekman & Friesen, 1969) . "Neutral" masks typically chosen were Kantan-otoko (shown in the lower right panel of Fig. 1) , Ishiojo, Kototenjin, Shakumi, Yamanba and Yoshimasa.
The mean scores of the 6 masks in the "extremely happy" and "neutral" groups were 6.79 (SD = 0.29) and 4.06 (SD = 0.25), respectively. A within-subject t-test revealed a significant difference between the scores of the extremely happy and neutral groups [t(13) = 26.52, p < .001]; therefore, we confirmed the "extremely happy" masks were significantly different from "neutral" masks.
In an fMRI session, one second after presenting a beep tone, a mask was presented. We introduced a block design: As Fig. 1 shows, one block consisted of a Happy mask block (6 happy mask stimuli, 3000 ms) and a Neutral mask block (6 neutral mask stimuli, 3000 ms) followed by a control block (4 eclipse stimuli, 3000 ms) and each of stimulus separated 500 ms separated by a fixation cross. A total of 6 blocks were performed and the time required for each block was 35 s. We showed, for example, only two happy masks and one neutral mask as in Fig. 1 . In the Happy and Neutral blocks, six Noh masks were presented to the participants in a counter-balanced manner.
The masks were back-projected onto a screen viewed through an angled mirror. The size of each stimulus was 9°× 12°.
fMRI data
Whole brain imaging data were acquired on a 1.5-T whole-body magnetic resonance imaging scanner (Shimadzu-Marconi Magnex Eclipse, Kyoto, Japan). Head motion was minimized with a forehead strap. Functional MRI was performed with a gradient echo-planer imaging (TR = 3500 ms, TE = 50 ms, flip angle = 90°, FOV = 256 mm × 256 mm, voxel size = 3 × 3 × 4 mm). After collection of functional images, T1-weighted images, using a conventional spin echo pulse sequence (TR = 12 ms, TE = 4.5 ms, flip angle = 20°, FOV = 256 × 256, voxel size = 1 × 1 × 1 mm), were collected for anatomical coregistration at the same location as the functional images.
After image construction, functional images were analyzed using SPM5 (Wellcome Department of Imaging Neuroscience, London, UK). Six initial images were discarded from the analysis to eliminate nonequilibrium effects of magnetization. All functional images were realigned to correct for head movement, which was less than 1 mm within runs. The functional images were normalized and spatially smoothed with an isotropic Gaussian filter (6 mm full-width at half-maximum). Low-frequency noise was removed by highpass filtering (128 s). Data were modeled by convolving the vector of expected neural activity with the canonical hemodynamic response function (HRF) included in SPM5. Group data were analyzed using a random effects model. We specified regions of interest (ROI), according to the previous study, as the nucleus accumbens (Nacc), caudate nucleus, putamen, and amygdala (Osaka & Osaka, 2005) . ROI analysis was performed using MarsBaR (http://marsbar.sourceforge.net/). As we had an a priori hypothesis that happy Noh masks activate the mesolombic reward system, we used the statistical threshold p < .05 (one-tailed) for the striatum. As for the amygdala, a threshold of p < .05 (two-tailed) was used. Table 1 shows the results of the ROI analysis (the activation areas of Happy-Neutral conditions at the threshold p < .05, uncorrected). We found significant activation in the left nucleus accumbens (Nacc). Fig. 2 shows the specific location of the Nacc. The other ROIs such as the caudate nucleus and putamen, each of which forms a striatal area, tended to activate but did not reach significant levels. The amygdala did not activate in the current study using happy masks. Considering the previous finding that the OFC is closely related to the process of happy faces, we also created the bilateral OFC ROIs (4 mm radius) based on the coordinates provided by Gorno-Tempini et al. (2001) . Specific coordinates are indicated below: the right OFC (36, 28, -24) and the left OFC (-40, 28, -20) . The results did not show a significant difference of the OFC activity between the happy and neutral condition (p > .05).
RESULTS
DISCUSSION
The results confirmed the hypothesis that happy masks activate Nacc probably due to the dopaminergic activity. Furthermore, laughing/smiling masks serve as social rewards and thus could play a critical role as an effective stimulus to cause happiness. We found link between observing happy mask and social reward and the results are in good agreement with previous study using cartoons (Mobbs et al., 2003) . Modulation of the Nacc by happy masks may be partly due to happy feelings evoked by the happy mask. The Nacc activation converges with findings from fMRI studies across a number of psychologically rewarding tasks, showing that this structure is involved in the processing of a diverse number of stimuli with rewarding characteristics (Goel & Dolan, 2001) . Now, we are exploring how Nacc works in the mesolombic reward system in detail. Mesotelencephalic dopaminegic neurons that project from the midbrain into various areas of the brain have also been shown to project to the substantia nigra and the ventral tegmental area (VTA). Their axons project to various regions, including the prefrontal cortex, limbic system, amygdala, septum, striatum and in particular Nacc. Groups of neurons that project from the VTA to Nacc have frequently been implicated in the rewarding effect of brain stimulation (Olds & Milner, 1954) , natural rewards and addictive drugs. Activation occurring in the Nacc and dopaminergic input to it from the VTA were most clearly related to the experience of reward and pleasure, which induce a feeling of happiness. As one of the candidate natural rewards, we previously suggested both hearing a mimic word of laughter (Osaka et al., 2003) and self-smiling accompanying facial muscle-induced activation of the striatal area, including the caudate nucleus and Nacc, using onomatopoeia in human laughter (Osaka & Osaka, 2005) . As for addictive drugs, the involvement of the Nacc has also been demonstrated by a study on human participants in which healthy volunteers were given an injection of amphetamine (Drevets et al., 2001) . As dopamine levels in the Nacc increased in response to the amphetamine injection, the participants reported a parallel increase in their experience of euphoria, which is closely connected to happiness. This evidence appear to create a consensus that the Nacc is involved in reward. A recent study showed dopamine levels in Nacc increased in response to stimuli that indicate that a reward will soon be presented (Fiorino, Coury, & Philips, 1997) . Repetitive presentation of the Noh masks related to happiness possibly contributed to the increase in Nacc activation in our current block design.
Regarding the OFC activity, the null result here may be due to a behavioral procedure employed in the present study. In the present study, participants evaluated the happiness of Noh-masks prior to the fMRI experiment, and in the scanner, they were instructed to press a button when they saw a Noh-mask. In other words, the present study measured brain activity related to perception of happy faces without an evaluation of facial expression. On the other hand, in the previous studies, Gorno-Tempini et al. (2001) had participants evaluate a facial expression of a stimulus or to judge the gender of a stimulus which would require at least some evaluation of facial expression, and Tsukiura and Cabeza (2008) required participants to rate facial expression during face-name association. It is possible that those studies may elucidate neural correlates of higherorder recognition of happy faces supported by the OFC, while our results may show lower-order recognition by the NAcc. In sum, the null result regarding the OFC activity can be attributed to a behavioral procedure, which did not demand an evaluation of facial expression.
Although our understanding of the function of the mesolimbic reward system is relatively advanced, further studies are needed to unravel the discrete nexus between Nacc activation and rewarding aspect of happy mask.
